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1 Introduction  
Many Brisbane houses were affected by water 
inundation as a result of the flooding event 
which occurred in January 2011. The 
combination of waterlogged materials and large 
amounts of silt and organic debris in affected 
homes gave rise to a situation where exposures 
to airborne particles could potentially be 
elevated. However, swift action to remove wet 
materials and dry out the building structures can 
help to reduce moisture and humidity in flooded 
houses, in an effort to prevent the growth of 
bacteria and mould and improve indoor air 
quality in and around flooded areas. To test this 
hypothesis, field measurements were carried out 
during 21 March and 3 May, 2011. 
 
2 Materials/Methods 
Nine residential suburbs of Brisbane located 
along the banks of the Brisbane River, which 
were affected by 2011 flood, were chosen as the 
measurement sites. In total, 40 houses were 
selected, of which 25 houses were affected by 
flooding and 15 were not. Additionally, one 
flood-affected commercial property (factory) 
was chosen to serve as a comparison to the 
residential houses. The selected houses 
represented a variety of age, building material 
and design style. 
The measured results included indoor and 
outdoor (I/O) fungal, bacterial, supermicrometer 
particle number (PN) and particle mass (PM10) 
concentrations, as well as indoor dust elemental 
composition. This paper reports on the results of 
one aspect of the study - I/O supermicrometer 
PN and PM10 concentrations.  
I/O supermicrometer particle concentration and 
size distributions from 0.523-19 µm were 
measured by a TSI UVAPS. PM10 
concentrations were measured by a TSI 
DustTrak. A TSI Model 7545 Q-trak measured 
indoor and outdoor CO, CO2, temperature and 
relative humidity. At each house, 15 minutes of 
outdoor air measurements preceded 15 minutes 
of indoor measurements. This process was 
repeated twice and all the measurements were 
conducted under natural ventilation conditions.  
 
3 Results  
I/O average supermicrometer PN (0.54-
19.81µm) and PM10 concentrations are shown in 
Figure 1.  
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Figure 1: Average I/O particle number (A) and 
PM10 concentration (B) for each house. The 
houses are grouped as flood-affected (House ID 
01-37) and non-affected (ID 02N-42N). House 
ID 43 is the flood-affected factory office. 
It can be seen from Figure 1 that both I/O levels 
of supermicrometer PN and PM10 concentrations 
varied widely in both flooded and non-flooded 
houses.  
A summary of the statistical analysis of I/O 
average supermicrometer PN concentrations, 
PM10 concentrations and indoor/outdoor ratios is 
given in Tables 1 and 2, respectively. It can be 
seen that, in general, total indoor average PN in 
the 24 flood-affected houses is slightly higher 
than in the unaffected houses, however the 
difference is not statistically significant. There is 
nearly no difference in total outdoor average PN 
concentration between flooded and non-flooded 
houses. Total average PM10 concentration levels 
for flooded houses were higher (p < 0.05) than 
those for non-flooded houses. However, the total 
average indoor PM10 concentrations are lower 
than the national ambient air quality standard 
(50 µg m-3). For both flooded and non-flooded 
houses, average indoor PN and PM10 
concentrations were significantly higher (p < 
0.05) than outdoor concentrations. The I/O ratio 
of PN concentration for flooded houses varied 
between each house, while for non-flooded 
houses, the I/O ratio of PN concentration was 
close to one.  
Table 1. Summary of statistical analysis for 
average indoor and outdoor supermicrometer PN 
concentrations (p cm-3), and indoor and outdoor 
ratios in flooded and non-flooded houses. 
Flood   In Out I/O 
Yes Average 3.22  2.74   
 S.D 1.49  1.27   
 Min 0.79  0.72  0.81 
 Max 5.89  5.41  3.13 
 Median 2.92  2.55  1.09* 
       
No Average 2.85  2.66   
 S.D 1.19  1.32   
 Min 1.66  0.61  0.63 
 Max 5.63  5.88  4.69 
 Median 2.66  2.60  1.02 
Y/N  1.13  1.03   
*: p < 0.05.  
Table 2. Summary of statistical analysis for 
average indoor and outdoor PM10 concentration 
(µg m-3) and indoor and outdoor ratios in 
flooded and non-flooded houses. 
Flood   In Out I/O 
Yes Average 24  13   
 S.D 21  5   
 Min 8  6  0.65 
 Max 109  23  7.67 
 Median 19  12  1.67* 
       
No Average 16  9   
 S.D 6  5   
 Min 6  3  1.33 
 Max 25  18  4.75 
 Median 19  7  1.90* 
Y/N  1.47  1.40*   
*: p < 0.05.  
A summary of the correlation analysis for I/O 
average PN and PM10 concentrations is given in 
Tables 3 and 4, for flooded and non-flooded 
houses, respectively. It can be seen that in non-
flooded houses, these parameters show stronger 
positive correlations. 
Table 3. Summary of correlation analysis for 
indoor and outdoor PN concentration in flooded 
houses 
R PM In PM O PN In PN O 
PM In 1.00 
PM O 0.25 1.00 
PN In 0.62 0.53 1.00 
PN O 0.06 0.37 0.75* 1.00 
 
Table 4. Summary of correlation analysis for 
indoor and outdoor PN concentration in non-
flooded houses 
R PM In PM O PN In PN O 
PM I 1.00 
PM O 0.78* 1.00 
PN I 0.49 0.72* 1.00 
PN O 0.37 0.60 0.83* 1.00 
 
4 Discussion 
Morawska et al. (2001) reported that average 
indoor supermicrometer PN concentration in 16 
residential houses in Brisbane was 2.5 ± 1.76 (p 
cm-3). The levels observed in this study are 
slightly higher than those previously reported, 
however statistical analysis indicates that these 
differences are not significant. These results 
imply that the 2001 flood had no significant 
effect on indoor air quality from a particle 
concentration point view. These findings 
support the hypothesis of this study and indicate 
that the immediate and efficient cleaning of 
houses and streets after the flood waters receded 
may be responsible for improving indoor air 
quality in and around flooded areas.  
 
5 Conclusions 
Field measurements results indicated that effect 
of 2011 flood on indoor particle concentrations 
in Brisbane residential houses was limited. 
These results will be confirmed by further 
measurements.  
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